Statement of Problem, Objective & Limitations of Study
This research mainly focuses on the ability to predict the oil recovery potential using alkaline flooding. The study is conducted on how the reservoir factors influence the oil recovery. The well configurations and perforation layers played a part in this study. The effect of changing the alkaline parameters such as the concentration, flow rate and flow duration will also be studied to conclude the amount of oil that can be recovered efficiently. The evaluation of economic valuability of alkaline flooding is also part of the research.
The major limitation during the analysis of this study is the strong aquifer that is active under the reservoir. Although the aquifer functions as a drive mechanism for the reservoir, due to the capacity of the aquifer it leads to an early water cut this requires alkaline to be injected earlier and hence more cost spent on alkaline.
Together with this limitation, certain assumptions were made to simplify justifications in the results and were based on (Keshtkar, Sabeti, & Mohammadi, 2016) , only oil, water and alkaline were the elements taken into consideration, only oil phase and water phase present in the reservoir, zero free gas present in the system, both oil flow and water flow obeys Darcy's Law, the effects of salinity are ignored and no geological complexity and uniform properties of two-dimension system.
METHODOLOGY

Reservoir Model Description
Figure1. Reservoir Box Model
From the reservoir properties data provided in (Appendix A, Table 1 ), it is concluded that the reservoir has a weak oil expansion and strong aquifer drive. The model was constructed on STARS with the inverted five-spot injection pattern (five producer wells and one injector well) with total grid dimension of 7×7×6 layers which gives a total of 293 grid blocks, Figure 1 .Each grid has the dimensions of 315×315×10 ft. For every layer, there are specific property values allocated to it in (Appendix A, Table 2 ). Data of different water saturations with oil and water relative permeability is also provided for model construction in (Appendix A, Table 3 ). The reservoir also does not have any fault present and is isothermal.
There simulation was done in three separate stages. The primary flooding, using the reservoirs natural drive, the aquifer was used to obtain the best perforation layers for best oil recovery and reduction of water cut. Secondary method was then carried out, water injection to decide on the best flow rate and injection period. The reservoir pressure was closely monitored for fluctuations. And lastly the tertiary method or EOR, alkaline injection. Alkaline with altered constraints such as concentration, flow rate and flow period was then injected into the reservoir with the decided well pattern and perforation layers. Lastly, the three oil recovery methods werecompared to obtain the configuration with the highest oil recovery.
RESULTS AND DISCUSSION
Primary Recovery
Two types of simulation were performed. First, individual layers were perforated and then several layers grouped together. As can be seen in (Appendix A, Figure 1) , layer four has the highest amount of oil reserve and as predicted, it recorded the highest recovery factor for individually perforated layer and has a graph shaped almost similar to layers perforated in groups, (Appendix B, Figure 2) .In order to decide if it is cost efficient to perforate more layers, reservoir pressure (Appendix B, Figure 3 ) and oil recovery factors (Appendix B, Figure 4 ) were compared between layer 4 and layers with the highest oil recovery factor -all layers except layer 6 due to being the closest to the aquifer. Based on the two graphs the pressure drop when more layers are perforated is higher hence the wellbore stability is affected greatly besides that, the recovery factor doesn't show much of a difference, (Appendix B, Figure 4 ) so perforating only layer four is the best option in order to reduce the production cost.
Secondary Recovery
For water flooding to be simulated, the reservoir initial conditions were first obtained from (Appendix A, Table 3 ), and graph of oil and water relative permeability against water saturation was plotted, (Appendix C, Figure 5 ). From this it is concluded that the water has high relative permeability compared to oil so the reservoir is highly oil-wet. When water injection increases, oil production increases as well but injecting too much water into a reservoir with an already existing strong aquifer is unprofitable due to the early water cut and residual oil being unable to be fully recovered so an injection rate of 2000bbl/d is suggested. Mobility ratio, M is described as the mobility of fluid displacing by mobility of fluid being displaced (Maheshwari, 2011) : Equation 1 ), the maximum displacement efficiency is obtained when, M ≤ 1 (favoured mobility ratio), M >1 (unfavourable) which indicates the motion of displacing fluid, water in this case being greater than displaced fluid, oil. When water can flow past the oil, a phenomenon called 'viscous fingering' occurs. This means water slides through the oil and is produced without containing any residual oil. Even so, mobility ratio, M can be improved by increasing the viscosity of the displacing fluid, decreasing the effective permeability of the displacing fluid, decreasing the viscosity of the displaced fluid and increasing the effective permeability of the displaced fluid. Too much water flooding is not advisable as the reservoir has a strong aquifer and alkaline will be incorporated in the EOR later. Water flooding is started off early when the oil production starts declining, 1990. Although there is an increment in the cumulative oil produced, 2,000,000bbl/d (Appendix C, Figure 6 ), it does not produce a significant increment due to water being injected into a reservoir with a strong aquifer. So only the water cut increases greatly, (Appendix C, Figure 7) . When the flow rate increases, the reservoir has high pressure (Appendix C, Figure8) which leads to an increase in oil sweep efficiency.
Tertiary Recovery
Alkaline flooding is started off as early as a year after water flooding due to the strong aquifer present. as alkaline concentration increases, the oil recovery also increases. This is true up to the concentration of 1.0%(Pei, Zhang, Ge, Jin, & Ma, 2013). When alkaline is injected, production rate increases with the increment in alkaline concentration (Appendix D, Figure 9 ). The total oil produced with alkaline injection gives a maximum amount close to 2,500,000bbl with an increment of 100, 000bbl compared to no alkaline being injected.
With a constant alkaline concentration of 1.0%, the flow rates are altered and the oil recovery factor for 2000bbl/d is about 70% which is almost similar to 2500bbl/d (Appendix D, Figure 10) . Although 2500bbl/d has afaster increment in production, the duration of it is short which leads to a faster drop in reservoir pressure which can lead to wellbore malfunction and ultimately reservoir failure (Appendix D, Figure 11) . Also, reduction in contact time and area occurs. The alkaline is not permitted for a thorough reaction with the oil acids and the high rates can result in an earlier breakdown of the water-in-oil emulsion which leads to occurrence of water breakthrough at early stages. So, the number of water-in-oil emulsions is also lower when injection rate exceeds the optimum value(Dong, Ma, & Liu, 2009).
The flooding period of alkaline was continuous rather than cyclic as it has a higher recovery amount, (Pei et al., 2013) . Alkaline should be injected as early as possible when production starts ceasing for a much economical return (Appendix D, Figure 12 ).Flow period that is continuous can promote to a much better through emulsification of the water in oil. Heavy oil reservoir means oil has low mobility ratio and hence leads to a poor sweep (Pei et al., 2013) . When alkaline is injected continuously, the pressure loss is the greatest (Appendix D, Figure 13) , it is validated by (Pei et al., 2013) by concluding that when alkaline is injected continuously, the amount of water-in-oil emulsions produced are greater. Due to this more restrictions are experienced by the water injected and hence the extended plugging effect
Comparison of Primary, Secondary and Tertiary Recovery
Based on www.alibaba.com the cost of one tonne of NaOH is USD 600. The density of NaOH is 1250 kg/m3. For the total volume of alkaline that is injected, for 38,000 barrels for the entire 19 years of alkaline flooding the volume of alkaline needed is 6042 m3. So, it is concluded that roughly 7553 tonne of NaOH is required for injection which means a sum of USD 4.5M is needed for alkaline flooding.
CONCLUSION
1. When the alkaline concentration used is increased, the interfacial tension value decreases. This is true up to a certain point known as the optimum point. Beyond this point, the interfacial tension then increases again. 2. When there is a decrease in interfacial tension, it indicates an increment in oil recovery percentage.
The lower the IFT, the greater the recovery of oil and also a larger cumulative oil produced. 3. When the alkaline has a flow rate increment, the recovery is improved but too much of an increment results in reduction of contact between the alkaline and oil this leads to water breakthrough as reaction that occurs is not thorough. 4. When alkaline flow rate is too low, insufficient energy is supplied for interaction and hence gives a low production rate. 5. The increases alkaline flooding period duration has a greater oil recovery. It is preferred to flood alkaline continuously rather than in a cyclic manner and as soon as water flooding ceases producing a profitable amount of oil. 6. Chemical flooding EOR by using the alkaline flooding method has a great potential in the industry.
Through this simulation this statement has been proven. 
